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s glOBAlIzATION AdvANcEs, it has become 
commonplace (possibly even fashionable) to 
voice concern over the steady erosion of U.s. 
prominence in science and engineering. The 
concern is particularly centered in the physi-

cal, computer, and engineering sciences. It is less so in 
the life and pharmaceutical sciences. A veritable 
stream of editorials, media features, and gov-
ernmental reports have repeatedly reflect-
ed alarm over the inexorable decline in 
U.s. technical capabilities—one that has 
been apparent for much of a decade. The 
concern is genuine. It was dramatically 
reinforced by a spike in unemployment 
of computer scientists and engineers 
in the 2003 period, reflected by data in 
the fall 2005 issue of The Bridge. While 
scientists and engineers have historically 
faired better in the labor market than col-
lege graduates as a whole, the peak has been 
interpreted as a 20-year high, trebling 
the traditional level of about 2% to the 
neighborhood of 6%. Major contributing 
factors were bursting of the dot-com 
bubble and outsourcing (and offshoring) 
compelled by foreign competition.

The extensive public discourse has so 
far had little telling effect and minimal 
actionable response from governmen-
tal leadership. But fortunately, in part 
through the prestige of the National 
Research council and its October 2005 
committee report “Rising Above the 
gathering storm,” the latent crisis is 
being more widely apprehended, and 
initial proposals are being put forward 
to blunt the threat. Early steps include 
explicit recognition of the erosion of scientific leadership 
in the President’s state of the Union message in January 
2006, significant bipartisan collaboration in the senate at 
about the same time in one bill “Protect America’s com-
petitive Edge” and another “National Innovation Act,” 
and the White House embracing some recommendations of 
the NRc report in its proposed budget for 2007. It would 
seem that quantitative analyses of long-term impacts on 
the U.s. economy, on national security, and on quality of 
life, education, and competitiveness would crystallize the 
urgency and stimulate vigorous action. But as yet it is not 
clear how these proposals may come together. The legis-
lative process advances slowly, and actionable proposals 
must get through numerous House and senate committees 
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before a resulting consensus emerges from congress later 
in the year. Much of the science and engineering commu-
nity is following this critical process anxiously. This is an 
interval during which credible public advocacy can have 
significant influence. At least two groups are actively 

socializing the issue in the congressional venue—one 
championed by technical interests of industry 

and another by a collection of professional and 
educational societies. The matter cries for 

serious organization, leadership, unity, and 
focus to generate unrelenting pressure 
that follows the process to successful 
conclusion. For the immediate time, 
however, unfavorable employment fac-
tors are likely to persist. The spring 
2006 issue of THE BENT mentions that 

offshoring is expected to grow at about 
30-40% per year in the 2003-06 frame and 

that 52% of engineering jobs are estimated 
to be amenable to offshoring in the long term. 

This climate may be disruptive 
to the engineering profession and 
can severely dampen enthusiasm 
among young students seeking to 
make career commitments in the 
discipline. On the opposite side, 
however, rapidly-developing for-
eign countries (especially in Asia) 
are mounting extensive efforts to 
attract their U.s.-trained nationals 
back to their home environments.1 
Also, as a recent favorable circum-
stance, notable rekindling in the 
U.s. economy presages a potential 
increase in demand for science and 
engineering expertise.

After World War II, the U.s. en-
joyed what might be termed a free ride in marketing to the 
rest of the world. To meet the military threat of this time, 
an enormous manufacturing capability was marshaled by 
a dedicated citizenry. Budget allocations for research and 
development grew from a pre-war level of about 0.5% of 
the gross domestic product to 3.0%.2

This war-time sextupling of investment in science and 
engineering produced new and unique technologies (such 
as radar refinements, vHF communications, underwater 
sound ranging, encrypted speech transmission, controlled 
nuclear reaction, heavy aircraft, and others). The common 
political threat, and the high visibility of the technological 
responses, engendered extensive public awareness and 
appreciation for scientific leadership.
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Russia          3 Japan 12
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Japan           0 china 5
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The high valuation of technology and reverence for R&d 
persisted into the second half of the 20th century. during this 
period, industry (flush with success) monotonely increased 
its investments as the federal government contributions 
began to plateau, the latter have been nearly level for the 
last 10 years. In recent time, while industrial investment 
in R&d still shows some growth, its rate has slowed, and 
the emphasis is more on D than on R. The reason has been 
increasing competition from abroad and pressure of impa-
tient stockholders for greater profitability. This has left the 
academic sector as the main performer of basic research. 
And, because the federal government is the principal source 
of funds for academic research (about 60%), the federal 
leveling plus the shifting of priorities to more 
applied work (to support mid-east issues 
and homeland defense activities) have 
significantly diminished academic 
basic work. This diminution in 
creation of knowledge, both by 
industry and by academia, has 
opened a major vulnerability 
in U.s. competitiveness. 

End of the Free Ride
The second half of the 20th 
century saw confluence of 
three technical advances 
that, together, have mark-
edly changed the post-war 
world: 

(a) new understanding of 
sampled-data theory—that per-
mitted the representation of intel-
ligence in digital form, 

(b) development of binary com-
putation—building to some extent on 
non-linear pulse-circuit techniques devised 
for radar, and 

(c) invention of the transistor (Fig. 1)—that heralded the 
field of solid-state micro-electronics, scalable to enormous 
complexities. 

As a direct consequence: digital communications evolved, 
bringing signal quality totally independent of transmission 
distance; digital computation emerged, enabling enormous 
accuracy and speed in solution of complex calculations—
along with intelligent software for information manage-
ment; and, explosive development of electronic integrated 
circuits put low-cost, high-speed devices into the hands of 
engineers and scientists. 

coalescing of the techniques for packet communication, 
distributed computing, and digital storage, along with 
those for digital signal processing, has now produced high-
speed data networking that has become ubiquitous in the 
developed world—the public unregulated version that we 
know as the Internet. software capabilities of great variety 
enhance the utility of this world-wide connectivity. These 
networking capabilities have created the flat world and 
have enabled aggregation of communication-based activities 
at geographical locations anywhere in the world where a 

knowledgeable work force can do the best job for the lowest 
cost. This indeed amplifies our vulnerability.3 

 communication-based outsourcing is not the only attrac-
tion. great amounts of American manufacturing (especially 
textiles) have long been offshored to capitalize on literate 
low-cost work forces. This has been assisted by advances 
in transportation, particularly by large jet aircraft, where 
any point on the globe is no more than 20 hours flying 
time—making geography of little consequence. This capabil-
ity is already extended to agriculture (in mid-January I enjoy 
fresh blueberries from chile). Other major U.s. manufactur-
ing areas—such as autos and aircraft—are becoming more 

visible targets for this process. An obvious moderating 
mechanism is a partnership. However, a more 

fatalistic view is that outsourcing provides 
an advantage for a while, but eventu-

ally the ‘knowledge work’ follows the 
production activity, and the out-

source-ee becomes a competitor 
of the outsource-er. Although 

this equalizing process need 
not be zero-sum, it often acts 
to reduce the circumstances 
of one society while building 
the other.4

In any event, some dis-
placement and dislocation in 
the domestic work force will 
occur over extended periods 

while an expected equalization 
materializes. And afterwards, 

there remains the question of 
how to maintain front-rank posi-

tion in the contest with competitive 
peers, all of whom are vying for the 

same position.

FiG. 1—the first transistor, 1949.

The U.S. Posture
Recognizing that most societies see science and engineer-
ing as key to technological development and hence to the 
enhancement of quality of life and international competitive-
ness and that a great part of the world’s population (now 
growing toward seven billion, with nearly half in Asia) 
is making enormous investments toward reaching parity 
with U.s. capabilities, what posture should the U.s. adopt? 
Knowledge creation and discovery must continue as the 
foundation. Basic research—both unfettered inquiry-driven 
and directed mission-oriented—remains a mainstay in the 
production of new ideas. But more than knowledge cre-
ation, we must attend to creation of the creators—that is, 
the educational processes that cultivate research capacity, 
technical leadership, and astute management. Because most 
of the basic research in the country is performed in academia 
and because education is central to producing the creators, 
heightened responsibility for our society’s well-being falls 
heavily upon the research universities. In meeting this 
academic responsibility three ingredients seem vital: ph
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(i) expanded federal funding for university research,
(ii) revision of curricula to emphasize research experi-

ence, idea generation, team collaboration, and the stimu-
lation of technical leadership, management talent, and 
communication skills, and

(iii) vigorous participation and engagement of industry 
in federally cost-shared academic research.

gaining (i), expanded funding, requires concerted mis-
sionary work on the part of academic researchers—that 
is, actively contributing to public understanding of the 
societal benefits of science and engineering. This under-
standing must reach a level where public demands for 
concrete action flood our congressional leaders. Academics 
jealously guard their time and typically prefer to remain 
above pedestrian public activities. But this involvement 
is an overhead on a successful research 
program, and faculty must awaken to this 
realization and to the necessary commit-
ment—in their own interest, if not in that 
of the country. By way of example, talks at 
civic luncheons are sometimes a chore, but 
in one I found the chairman of an important 
appropriations committee. The time was 
well spent! 

Additionally, most research universi-
ties enjoy close rapport with their respec-
tive congressional delegations. But much 
of this access is spent in seeking favored 
funding for parochial, self-serving proj-
ects. A broader view is needed to advocate 
for the total academic enterprise. In some 
instances an effective model has been 
the joining of academic specialists across 
several states to win commitments from 
multiple delegations. such congressional 
cabals, especially if they are bipartisan, 
can result in significant movement and 
action.  

In other countries, petitioning govern-
mental leaders and decision-makers on 
behalf of science seems easier, because of 
their technical backgrounds and their ingrained devotion 
to technological development. The past president of china 
is an engineer; a former president and a former premier 
of Taiwan are, respectively, scientist and engineer; and 
in south Korea, the minister of information and telecom-
munications is a Ph.d. electrical engineer from stanford, 
and the minister of science is a Ph.d. electrical engineer 
from sUNY. In the U.s. it is unusual to find this level of 
technical expertise in top ranks of government, although 
relevant specialists are usually found in the agencies 
that disburse research funds. This, in itself, points up the 
grave responsibility for staffing these positions with the 
most knowledgeable individuals available. The program 
managers wield great power and essentially control the 
objectives of research in the nation—because academic 
researchers follow the money!5

grant allocations must be made thoughtfully, with 
vision, and on a merit basis. The award process must be 
efficient and transparent. But more than anything, there 
must be adequate funds to award! Funds are now so 
pinched that it is common to encounter a “what’s the use?” 
attitude toward the substantial labor needed to identify 

a significant research problem, form a team, and prepare 
a proposal for a contest in which only one of a dozen or 
more may be selected. In earlier times, funding was not 
so constrained and often returned remarkable advances 
(a prime example might be the search technology behind 
the fast-developing company google, initiated as part of 
an NsF-funded project on digital libraries at stanford 
University). 

In addressing (ii), revision of curricula, one meets the 
traditional academic inertia. Too often, faculty members 
are set in their ways and mostly enjoy teaching their 
individual specialties. But to produce graduates who will 
maintain our competitive edge into the future, new educa-
tional emphasis should be devoted to research exposure, 
knowledge creation, imaginative application, team collabo-

ration, ethical behavior, and the develop-
ment of communication, managerial, and 
leadership skills. some engineering faculty 
complain that we already have too much 
to teach and that business schools should 
address the people factors. But experi-
ence suggests that talents for leadership 
and management might perhaps best be 
stimulated early—literally, in the hands-
on research activity. A leader inspires or 
initiates concerted group effort toward 
a common goal. The mechanisms might 
be varied—fear, force, charisma, or confi-
dence in knowledge of the task. A manager 
organizes and administers application of 
resources (including human capital) to 
an assigned objective. The underlying 
talents are not the same, but, when the 
combination is instilled in a single indi-
vidual, the student product is admirable. 
(It might be argued that Hitler and stalin 
were leaders, but not desirable ones. Jef-
ferson and Adams might be considered 
good managers. But likely, Washington 
and lincoln are acceptable examples of 
the combination of talents.) so, as others 

have noted, the emphasis may not be on producing more 
science and engineering graduates, but on producing 
versatile graduates of higher value, having unique skills 
and a penchant for sustaining their excellence through 
career-long self-education. such graduates might be less 
attracted to the necessary (but sometimes pedestrian) role 
of manufacturer/implementer, but more to pioneering in 
innovation, ideas, and knowledge creation and in determin-
ing how new knowledge can be applied. 

It is interesting that the 2006 international confer-
ence davos, held in switzerland in January, identified 
innovation as a key theme. And, it would seem unusual 
if a careful review and coordination of curricula could 
not wring out more opportunities to adapt to the chang-
ing world—so as to produce a well-prepared graduate. 
In accomplishing this, the role of the instructor is likely 
to change—from the Herr Professor image, with se-
lected students worshipping at the feet, to one where 
the professor is more mentor and coach and, in some 
instances, colleague. some egos may be bruised in the 
process, but success would enhance both student and 
instructor.

“The past president of 
China is an engineer; 

a former president
and a former premier 
of Taiwan are respec-

tively scientist and
engineer; and in South 

Korea, the minister 
of information and 
telecommunications 
is a Ph.D. electrical 
engineer from Stan-

ford, and the minister 
of science is a Ph.D. 
electrical engineer 

from SUNY.
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In addressing item (iii), 
industry-university inter-
action, we recognize that 
knowledge application and the 
identification of ways that tech-
nology may serve society are 
largely the domains of industry 
(and for its services, in a free so-
ciety, industry and its shareholders 
expect, and usually get, a fair return). 
If there are to be job opportunities and 
careers for the high-value graduates just 
postulated, the businesses that employ them 
must likewise be elite and smart. They must have 
access to new knowledge or generate it themselves. Over 
recent time industry has been sorely deficient in the latter. 
It is unlikely that large multinational companies will cease 
outsourcing and offshoring where they can get engineer-
ing expertise for routine manufacturing for one-fifth the 
salary cost in the U.s. But the creation of new knowledge 
and product innovation might be sourced in the U.s. In 
this activity, interaction between industry and university 
can produce significant novelty.

Industry-University Cooperation
Much of industry is unaware of the large pool of intel-
lectual talent residing in research universities and, even 
when aware, how to tap into it. There are numerous 
obstacles and pitfalls, but they can usually be negotiated. 
An inherent benefit to industry by participating in and 
supporting academic research is the leveraging of federal 
and state investment. This sharing takes the sting out of 
research cost and risk. (Historically this participation has 
been one-sided, with federal sources supplying about 60 
percent of academic research funds and industry supply-
ing only seven percent.) This cost-sharing is sometimes 
criticized as corporate welfare. I prefer to think of it as 
societal welfare. The attractions for industry are several: 
new ideas and the opportunity for exclusive licensing; 
first in line for recruiting (sometimes tailor-made) skilled 
graduates; and enhanced public image. Even the smallest 
successful start-up will be compelled to find new ideas if 

it is to survive. This implies either 
research investment on its own or 

collaboration with a partner that 
possesses a research culture and 

a research infrastructure. large 
companies that have retreated 
from research in recent years 
face the same need.

On the academic faculty 
side, there is often an aver-
sion to working with indus-
try, having someone tell 
them what to do, and using 
them as a pair of hands. 
But as government shifts 
more toward applied work 
and as funding for basic 
science and engineering 
becomes diminished, it is 
gravely in the interest of 
faculty to cultivate support 
from industry and identify 
issues of mutual interest 
that have high intellectual 

content. It is similarly in the 
interest of industry to expand 

support of and participation in 
academic research that can ad-

dress long-term, risky problems in 
a cost-effective way (namely, as part 

of the educational process).
 Numerous universities have ex-

perimented with industrial cooperation, 
usually with mixed results. Issues often 

center on research objectives, time scales, free-
dom-to-publish, and intellectual property. These matters 
generally can be surmounted, especially when the company 
has a designated champion for the cooperation—one 
who can devote effort to faculty/student interaction and 
can establish rapport with a university administration. 
Intellectual property agreements typically follow exist-
ing university policy, which is flexible for negotiation in 
terms of ownership, exclusivity, and licensing. The desired 
outcome is that both parties benefit. One university/in-
dustry technology-transfer model that has merit and has 
had some success works with state seeding and municipal 
bonding for establishing infrastructure. The state seeding 
is advanced only in cases when there is clear opportunity 
for federal amplification, multiple industry participation, 
new industry creation, and other potential contributions 
to the state’s economy.

Industry’s Side 
The whole industrial enterprise is a major element that 
has been given short shrift here. It is in this sphere that 
knowledge application is crafted. The process is generally 
guided by a deep appreciation of societal needs and desires 
and by the development of technology to match business 
opportunities. Industry must see to the manufacturing 
and deployment of products and services. given existing 
trends, it seems unlikely that domestic industry will seek 
to compete in large-scale labor-intensive manufacturing, 
where a skilled work force and routine engineering exper-

It might be argued that 
Hitler and Stalin were 
leaders, but not desir-
able ones. Jefferson 
and Adams might 
be considered good 
managers. But likely, 
Washington and 
Lincoln are accept-
able examples of 
the combination of 
talents.
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tise can be found in more cost-effective locations. Again, 
the attractive place to compete is in unique high-value 
activities of knowledge creation, work force education, and 
in identifying technology to match societal needs. While 
labor-intensive mass manufacturing is de-emphasized in 
this view, the creation of new technologies for manufactur-
ing is not, nor is the engineering management of contracted 
work. Implied throughout, too, is industry’s responsibil-
ity for deployment, maintenance, and salvage, much of 
which is local. A predilection for this mode may already 
be established, as we witness new products such as Razr, 
iPod, and Xbox, and new services based on search engines, 
voice-over-Internet, and broadband fiber to the home. 

Offshore manufacturing poses real concerns in national 
defense. And, this matter reflects in a different way the 
growing importance of partnerships—partnerships among 
nations, as well as among multinational companies. 

Innovation implies the application of new knowledge, 
which must come from some store. A pervasive worry is 
that we are largely living on knowledge created over the 
past decade, although this condition can be sustained for 
perhaps another five years before the store is depleted and 
the situation becomes critical. Performance then would 
cease to be competitive. One marker of this trend is the 
U.s. output of technical articles, which has essentially been 
flat since 1992 and has been exceeded by that of Western 
Europe since 1996. An insidious aspect is that criticality 
might be far enough into the future so as not to draw 
much attention. This is yet one more important reason to 
form partnerships to encourage public and congressional 
understanding. 

Because industry must have new knowledge to stay 
competitive—indeed to survive—the hope is that basic 
research and innovation can be strengthened enough 
in the U.s. to stoke constantly the knowledge store and 
maintain global leadership. given the risk-averseness 
of stockholders and the necessity of stable, sustained 
support for long-term research to succeed, government 
remains the key factor in nurturing leadership. govern-
ment can encourage research investment by industry, but 
governmental investment is most certainly central and 
necessary to academic research. This necessity is well un-
derstood by governments abroad, where basic, sustained, 
programmatic support is already being implemented and 
handsomely financed.

Reprise
The thesis here is that knowledge creation is preeminent 
to leadership. Knowledge creation derives from basic re-
search. Over half of the U.s. basic research is performed 
in academia, largely with governmental funding. This 
support has languished over recent years, as industry has 
also reduced its investments. leadership and technical 
capabilities are consequently eroding. Educational efforts 
to attract young students into science and engineering 
may be ineffectual, unless satisfying careers and stable 
contributory jobs can be demonstrated. These typically 
are based upon exploitation of new knowledge. While it 
is believed that industry R&d will grow under mounting 
pressure of global competition, it seems absolutely key that 
federal and state governments substantially expand sup-
port of U.s. academic research. This can occur if the vari-
ous proposals mentioned earlier successfully coalesce and 

navigate the legislative process. constant public support 
and advocacy are critical to assure a positive outcome.     

An abiding concern is that the societal contributions 
of research in physical science and engineering have less 
public visibility because they are more difficult to relate to 
daily lives of individual citizens—despite the many tech-
nologies that affect people directly, such as MRI’s, cAT 
scans, ultrasonic cardiography, laser surgery, biomaterials, 
and electronic prostheses (pacemakers, hearing aids, and 
artificial larynges).

A continuing question is how to enhance public aware-
ness and gain congressional attention for the basic physical 
science that helps protect our future? survey data suggest 
that public understanding of science arises primarily from 
television. This, in turn, suggests that public broadcast 
might give special emphasis to the societal benefits of 
scientific innovation. Additionally, congressional attention 
is clearly responsive to public opinion, which can be offered 
through personal letters, telephone calls, and visits. The 
coalitions, mentioned at the outset, share related objec-
tives and are working to keep science and engineering 
initiatives before governmental officials. But, unifying 
and coordinating processes should be urged to enhance 
their effectiveness and focus. Individuals in each technical 
sector can contribute influence. In whatever way efforts 
are consolidated, the resulting coalition would find senior 
faculty of leading research universities and representa-
tives of science-based industry willing collaborators. In 
concert, a non-partisan strategy and a plan of action can 
forcefully be laid before our leaders in Washington. 
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